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LOAD BEARING CAPACITY OF DRILLED PIER FOUNDATIONS 
UNDER ARBITRARY APPLICATION OF INCLINED FORCE 
Problem statement. The aim of the paper is to describe a method for calculation of cylindrical 
drilled pier foundation under the action of spatial force system. 
Results and conclusions. Contact stress contours are taken from results of the experiments. The 
relations between foundation load bearing capacity and different forms of shearing stress distribu-
tion diagrams are obtained. It is established that calculation of load bearing capacity of drilled pier 
foundations under arbitrary action of inclined force can be reduced to the solution of simpler two-
dimensional problems. It is concluded that the force acting on the foundation can be resolved into 
components located in the plane which goes through the foundation axis. 
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Introduction 
In civil, industrial, hydrotechnical engineering and road engineering, concrete and reinforced 
concrete drilled pier foundations or short piles of diameter d from 0.5 to 2 m and of length L Issue № 1 (9), 2011  ISSN 2075-0811 
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from 2 to 10 m are used successfully in erecting landslide protection facilities. Such structures 
(L/d 5) are considered as rigid. 
Unlike shallow foundations, such foundations require to take into consideration resistance 
along the lateral surface of the pile.  
In the general case, the structures under consideration experience the action of the system of 
forces which is related to eccentric inclined axis with eccentricity e (e0 = e/R is the relative 
value, R is the radius of foundation) and inclination angle to the vertical δ. These parameters 
can vary in a wide range. Often, e0 = −1…1;   δ = 0…45̊. 
The nature of contact foundation-base interaction, dimensions of separation zone and values 
of displacements depend on relation e/δ. 
Available  methods of design,  for example [1] are based on rigorous assumptions (of un-
changed  coordinate  of  Instantaneous  center  of  rotation,  etc.)  and  rather  conventional  soil 
models (Fuss-Winkler hypothesis).  
Combined experimental studies conducted on large-scale strain model [2, 3] cause us to de-
velop validate methods of design. 
In [2, 3] experimental findings on contact stress distribution are given. Equations for normal 
and shear stresses under the action of force F located in the plane which goes through the axis 
of foundation are presented in [4, 5]: 
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f is the internal friction coefficient; h is the depth of foundation. Scientific Herald of the Voronezh State University of Architecture and Civil Engineering. Construction and Architecture 
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These equations are set up for cylindrical system of coordinates О (r, α, z). Point with coordi-
nates (x, y, z) is denoted by (R, α, z), where  x = Rcosα,     y = Rsinα.  
Tangential contact stresses are determined by the formula 
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Stresses on subgrade 
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1. General case 
Forces F1 and F2 are in a plane which goes through the axis of foundation (Fig. 1, 2). The an-
gle between plane of action of forces γ. Points of force application О1(e1.0,0) and О2 (е2,γ,0). 
Following assumptions are introduced: 
  normal stresses on the foundation underside are taken as distributed by the linear law; 
  lateral surface friction is constant in depth; 
  normal stress distribution in a horizontal plane is a function of cosα: 
σх (α) = σх (z) cos
2k α;   к = 1, 2, 3..., n. Issue № 1 (9), 2011  ISSN 2075-0811 
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a)  b) 
   
 
Fig. 1. Stress distribution diagram: 
а) general view of foundation;  
b) longitudinal section 
 
a)  b) 
 
 
Fig. 2. Stress distribution diagram: 
a) diagram of stress distribution over the outlines of cross-section plane for force F1;  
b) planes of force action 
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Stresses in each point are equal to the sum of stresses caused by each force, i. e., 
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2. The special case 
Force F is not located in any plane which goes through the axis of foundation (Fig. 3). Issue № 1 (9), 2011  ISSN 2075-0811 
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а)  b) 
 
 
Fig. 3. Location of the force 
with varying inclination angle to the vertical: 
а) general view;  
b) top view 
 
Force F can be located on F1, F' and М: 
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Force  ' F  goes through 0 and is located in plane ХОУ, δ = 90
0, е = 0. In equation for τα, val-
ues of lateral shear stresses from moment М: 
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 (17) 
Normal and shear stresses are obtained with consideration for (14), (15), (16), (17): 
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Load bearing capacity of drilled pier foundations is determined from condition 
  max ; u R       (23) 
  max , z h R      (24) 
where Ru is the design  horizontal soil strength; Ru = ξ Rh, ξ < 1; Rh is the design vertical 
strength  of  soil  under  foundation  bed  according  to  Building  standards  and  rules  (SNiP) 
2.02.01-83*. 
Since Rh lost its initial sense, it is expedient to use up-to-date approach to its determination, 
for example, with the help of techniques described in [6]. 
Conclusions 
1. Force acting on a foundation can be resolved into components located in the plane which 
goes through the axis of foundation. Issue № 1 (9), 2011  ISSN 2075-0811 
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2. The calculation of load bearing capacity of drilled pier foundations under arbitrary applica-
tion of inclined force can be reduced to the solution of simpler two-dimensional problems. 
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